Abstract: The purpose of this study was to investigate spontaneous eye disease in New
Introduction
Pharmaceutical companies and research institutes use laboratory animals to test the toxicity of their products before certifying their use in human beings. The eye is The eye health of laboratory animals is often ignored before toxicity tests. However, interpreting the results from the eye toxicity test is difficult because there has been little research regarding spontaneous ophthalmic diseases in laboratory animals. As there are genetic variations within a species, it is also important to understand the differences in ophthalmic diseases according to breed [5, 26] . Eye diseases have been almost completely documented according to breed for dogs and cats. Something is known about normal variations in the eyes of laboratory animals and the ocular diseases that may spontaneously occur. Most of these investigations have been carried out using eye examinations from the posterior segment in rats [2-4, 8, 13, 22, 23, 25, 26] , rabbits [4, 5, 9, 15, 24] , monkeys [6, 7, 10, 19] , dogs and cats. Saunders [18] and Rubin [17] published works on the clinical pathology of selected eye diseases of many laboratory animals. Ophthalmology research on laboratory animals is continuously being performed throughout the world, and the ophthalmology of the laboratory animal is now recognized as an important field of study [20] .
Among laboratory animals, the New Zealand White (NZW) rabbit has been commonly used in toxicology studies because the albino eye is a sensitive indicator of ocular irritation from a medication. As the eye of this species is non-pigmented, the severity of effects from medications may be different from animals with pigmented eyes. In addition, rabbits can make friendly and intelligent pets; as such, more and more people are keeping rabbits as pets [14, 15, 26] . It is difficult to diagnose an eye disease because it requires special ophthalmic equipment, sufficient experience and knowledge of eye diseases.
Considering the criteria mentioned above, we designed our project to investigate the NZW rabbits. The purpose of this study was to investigate spontaneous ophthalmic diseases in 586 NZW rabbits, which are commonly used for toxicity tests, and to provide basic data for both laboratory animal breeding facilities and research centers [14, 15] .
Materials and Methods

Laboratory animals
Before ophthalmologic examination, 586 clinically healthy NZW rabbits were selected regardless of sex.
The laboratory animals were donated by two pharmaceutical companies and three commercial laboratory animal breeding centers. The age and sex distributions for the NZW rabbits (according to breeding facility) are shown in Table 1 .
Ophthalmic examination instruments
We used ophthalmic examination instruments such as the direct ophthalmoscope, indirect ophthalmoscope, slit-lamp biomicroscope, and focal illuminator.
Ophthalmic examination
All eye examinations were performed in a semi-darkened room. The age, sex, and breeding facility were recorded. First, blepharospasm, photophobia, the overall external appearance of the eye, the size and position of the globe within the orbit, the appearance and position of the eyelid, ocular discharge, the bulbar conjunctiva, the eyelid margin palpebral conjunctiva, the conjunctiva sac, and the corneal surface were checked without ocular equipment.
Next, the palpebral fissure, the conjunctiva, the cornea (opacity, vascularization, pigmentation), the depth and turbidity of the anterior chamber, the iris and its peripheral area, and the pupillary light reflex were examined in a semi-darkened room using a focal illuminator and a slit lamp biomicroscope (SL-14 ® , Kowa, Japan). The lens, vitreous, and fundus were observed using a direct ophthalmoscope and an indirect ophthalmoscope (Vantage ® , Keeler, UK) about ten minutes after applying a mydriatic agent, 1% tropicamide (Mydricyl ® , Alcon, USA). The size, edema, and color of the optic disc and the 
Analysis of results
Ocular findings were analyzed by distribution rate according to disease, sex, age, and breeding facility.
Results
Incidence of ophthalmic disease
Normal ophthalmic variations, such as hyoid vessel remnants or prominence of the lens nucleus, were not found. However, bilateral temporary opacity of the lens was found in 3 NZW rabbits (0.5%, Fig. 20) .
The most predominant ophthalmic disease was blepharitis (2.6%, Figs. 5, 6); most cases were unilateral. Figs. 16, 17) . The total incidence rate of ophthalmic diseases was 9.6% (Table  2) .
Sex and age of the affected animals
Temporary opacity of the lens was found in only 3 females (0.5%) in this study (Fig. 20) . Blepharitis, cataract, choroidal hypoplasia, and conjunctivitis were found in both males and females, but other ophthalmic diseases were found only in females (Table 3) .
The rate of ophthalmic disease decreased with age (11.8% at 1 month, 12.8% at 2 months, 8.2% at 3 months, 6.3% at 4 months, 3% at 5 months, and 3% at ages over 5 months; Table 4 ).
Effects of breeding facility on ocular diseases
Ophthalmic diseases by breeding habitat are presented in Table 5 . Temporary opacity of the lens (3 cases) was found only in breeding facility C.
Choroidal hypoplasia occurred only in breeding facilities A (8.2%) and D (0.7%). Rabbits in breeding facilities C and D were affected by blepharitis, conjunctivitis, and keratitis more often than in other facilities (Table 5 ). H & E stain, × 100.
Fig. 31. Histopathological finding of retinal hemorrhage (arrows).
H & E stain, × 400. Fig. 32 . Histopathological finding of severe corneal scar (arrows).
H & E stain, × 100. 
Discussion
Preclinical ophthalmic examinations should be done on laboratory animals to evaluate the eye toxicity of new drugs. Thus, it is important to understand spontaneous eye diseases and normal variations in eye condition to determine the level of eye toxicity in laboratory animals.
Grossly, ophthalmic diseases were divided into two types: normal variations and abnormal eye diseases. Temporary opacity of the lens was regarded as normal in only three 2-month-old female rabbits, all from the same breeding facility. It might be confused with cataract at a young age. The overall incidence of abnormal ophthalmic disease was 9.6%. Most ophthalmic diseases were caused by inflammatory diseases, the most common being blepharitis.
Generally, purulent and serous conjunctivitis occurs commonly in rabbits and is usually part of the Pasteurella multocida disease complex. It has been reported that this is influenced by stress (inexpert handling), age, and environmental conditions (poor ventilation) [4] . Also, it is known that differentiation of conjunctivitis from dacryocystitis is important because of the anatomic relationship between the nasolacrimal duct and the roots of the teeth [25] . Unilateral conjunctivitis was the most prevalent eye disease (5 rabbits) in facility C in this study. This might be due to inadequate sanitation. In this study, dacryocystitis was found in only one rabbit.
Eleven NZW rabbits (4 males and 7 females) had cataracts (1.9%); nine of them were 2-4 months old. The incidence of cataracts according to age was consistent with the report by Munger [15] . He found immature cataracts in 71% of rabbits between the ages of 77 and 127 days. He also suggested that cataracts in NZW rabbits were inherited in an autosomal recessive manner. The origin of cataract could be confusing without a preclinical eye examination. Some might be induced by toxicity of new drugs, while others may be induced spontaneously. There were 7 cases of choroidal hypoplasia in this study. Similar lesions have been reported in dogs with collie eye anomalies. It was thought that these seven cases might have been affected by inbreeding. Further study on the mode of inheritance of choroidal hypoplasia in NZW rabbits is necessary. Continuing periodic eye examinations in breeding centers should be performed to produce rabbits without genetic eye problems.
Only one bilateral persistent pupillary membrane (PPM) was observed in breeding facility D. This eye disease did not propagate corneal opacity in one eye or anterior capsular opacity of the lens in the other eye. However, it occurred in a young rabbit (1 month old) and could disappear with age, except in the posterior synechiae.
Belhorn reported hereditary glaucoma in NZW rabbits but it was not apparent in this study [5] .
Eye diseases decreased with age in this study. It is well known that eye disease susceptibility increases with age in most species. It was considered that most rabbits with eye diseases were eradicated before the commercial value age.
Rabbits in breeding facilities C and D were affected more often by blepharitis, conjunctivitis, and keratitis than were the rabbits in other facilities. It is apparent that good sanitation and care should be provided to protect the rabbits from infectious eye diseases. It is important to continue surveillance and evaluation of the incidence of spontaneous ocular diseases in prescreening examinations of laboratory animals. Upon close observation of abnormal eye diseases in the rabbits in this experiment, breeding facility B is the best for the rabbit's health, showing the lowest prevalence of disease (3%).
